INTRODUCTION
Have you always wanted a gold mine? You might try looking near 4293900N -286350E, 4285600N -320050E, or 424450N -332800E on the Universal Transverse Mercator Grid. Or perhaps you want to study the transport of mercury through sediments into water and thence to fish. You could easily do that in many drainages with sediments containing over 1000 ppm of mercury that empty into Lake Meade.
time the project was designed to extend over 5 years and include about 200,000 sites at which sediment and water samples were to be collected, analyzed, and evaluated; however, after the (JURE program staff had redefined sampling priority, objectives, schedules and budgets some nine times, their objective evolved into "Refining Estimates of National Uranium Reserves." It became increasingly obvious that LLNL's objectives and methodologies were inconsistent with those of the Grand Junction NURE program office, and that the LLNL geochemical studies could not be used to improve reserve estimates.
As a consequence, the LLNL portion of the HSSR program was terminated, and all work was suspended by June 1979.
Of the 38,000 sites sampled, 30,000 were analyzed by instrumental neutron activation analyses (INAA), delayed neutron counting (DNC), optical emission spectroscopy (OES), and automated chloride-sulfate analyses (SC). Data from about 13,000 sites have been fr^mally reported. Prom each site, analyses were published of about 30 of the 60 elements observed. Uranium mineralization has been identified at several places which were previously not recognized as potential uranium source areas, and a number of other geochemical anomalies were discovered.
THE FIELD SAMPLING PROGRAM
Because there was no DOE reporting plan or sampling rationale at the beginning of the program, each contractor laboratory formulated its own plan. Under David Leach's direction, LLNL geoscience division personnel divided the western states into geologically similar regions (Fig. 1) .
Several pilot studies within each region would determine the geochemical differences between locations known to have uranium occurrences and locations where none were known. Based on the pilot studies, the sampling, analytical, and interpretive procedure was to have been formulated uniquely for each of the geological regions. Pilot projects were completed on the Eastern Sierra, Six-Basin-Humboldt, Southern Nevada I and II, and northwest Nevada regions.
Some of the more interesting and surprising findings were: (1) in arid regions because the finer particles were transported by aeolian processes between drainages, only coarser sediments were chemically representative of the surrounding uplands, (2) playa samples were not valid geochemical indicators of uranium in the surroundings, (3) field-acidified water samples were trace-element-stable for many months, and (4) groundwater was far more geochemically important and seasonally invariant than surface water (streams, lakes, etc.).
Based on these results, a sampling density of approximately one site per 6 to 8 square miles was selected for the Basin-Range province. Sites were located on 7-1/2-or 15-minute topographical maps, which were used to prepare specifications of contracts for field sampling. The sites chosen were in drainage paths so that geochemical measures cf the surrounding highlands could be obtained. In larger drainages a site was located at the mouth of each tributary. Contractors were required to obtain about 2-1/2 kg of uncontaminated sediment at or near each of the plotted sites, and a water sample if any were available. Where water was found, conductivity, pH, alkalinity. Eh or dissolved oxygen, and temperature were measured in the field. Water samples were collected through a 0.4-)j pore filter. A one-half liter sample was acidified with nitric acid in a polyethylene bottle. A second unacidified sample was bottled for analyses. The sediment; two water samples; filter; a polaroid picture of the site; and a form showing location, field measurement data, and comments regarding potential contamination were all forwarded to LLNL. support contractor by the Grand Junction NURE program office, and to report and interpret results for the HSSR programs. Bendix's specification that sampling and analyses be reported by quadrangle (Fig. 3) caused major difficulties for LLNL because the data already being collected did not completely cover any of the reporting areas and, in general, none of the geologic regions are bounded by quadrangle lines.
We therefore issued a new set of contracts (in early 1978) to "fill in" blank reporting areas, even though the pilot data used to specify samplinq technique were not necessarily applicable. Because the NURE program office accelerated the reporting schedule, relevant pilot studies could not be done before we let new regional reconnaissance contracts. In the I3aho Batholith, Idaho Basins, northeast Washington, the Colorado Plateau, and the California Coast Range, new pilot studies were initiated. In all cases, however, results such as particle size studies and leachability were unavailable before final sample collection and processing. In contrast to the arid Basin and Range province, the finest sediments in northeast Washington were best associated with regional geochemistry. The samples from that area had to be processed twice because the processor had completed packaging coarse material before it was found that fines were needed. The historical splits of the samples were used to determine the correct size fraction (see Sample Preparation). When the HSSR work at LLNL was terminated, some of the "fill in" contracts were incomplete.
About 215,000 pounds of material had been collected. The status of sampling, analyses, and reporting is shown in Fig. 4 ; note the hybrid geologic-political boundaries.
SAMPLE PRFV.RATION
Each sample received at LLNL was inventoried and one copy of the field form was removed. Sediment and acidified water samples were sent to processing contractors with the remaining field forms and labels. The unacidified sample was sent to LLNL analytical chemistry for special chemical (SC) analysis. The sediments were oven-dried and split into two fractions. One fraction (1 kg) was retained as an historical sample, and the other was sieve-sorted. The appropriate size fraction, determined during the pilot studies, was blended:
Additional difficulties were created in the data handling. Except for its high degree of automation, the unique feature of the LLNL neutron activation analyses was the method of spectral data reduction.
Each and every gamma ray in the spectrum was identified with an isotope.
Then by a series of computer controlled comparisons, the best fit to the observed spectrum was found and reliability was estimated for each isotopic assignment. There were also invariably a few "unidentified" gamma r?ys which were usually due to statistical fluctuations in the background or isotopes TRBLE 1. Elements detected, detection limits and sample types fot thp NURE analytical system.
Detection
Method and Detection Method and Element limit (ppm) sample type Element limit ( In addition to these routine analyses, certain samples were examined by special procedures designed to find the trace-element distribution as a function of particle size, association of trace elements with volatile organic compounds, such as humic acid, and the trace-element distribution in the leachable and nonleachable sediments. These special procedures were generally, though not always, associated with pilot or special studies. expected entries according to either site number or sample number. If an expected entry was missing the site was listed on a "minus" file for that data set. These missing data, if more then a few percent of the total expected, were then found or redetermined through additional analyses. When satisfactorily complete, the relevant data from each of the directories was transferred into the blanks in the MCP report file. The fact that there is essentially no analytical data in the MASTER control system was a source of ongoing misunderstanding between LLNL and the NURE prog.-am office (NPO). The LLNL "data base" may be unique in that it contains no data-except that which has been published. It does contain information not required in NOTE uniform reports, but of great geochemical significance. For example, it contains precipitation and stream flow conditions at the time of sample collection, as woM as the site description and comments.
Finally, the filled report file was used as the generator for data tables, site overlay maps, statistical distribution studies, and graphs. early and disconcerting discovery that it did not work in many areas. As NURE goals were changed, the rate of change was faster than the rate of execution, so nothing got done on any but obsolete goals.
As a result of pilot study work at LLNL and broad-based industry and professional-society pressure, the methodology we had originally proposed was incorporated into the Stream Sediment Survey. These methods were more costly than those of the Canadian Survey because of the more complex geologichydrologic situation in much of the U.S. The available money was assigned to "priority" regions on the assumption that later funding would be obtained for areas with less priority. The catch was that no agreement could be reached on just which regions had high, medium, or low priority. As soon as a region was assigned "low" priority, something would happen (such as discovery of uranium) and all the priorities would be redetermined.
Another cause of difficulty was failure to reach early agreement with the NPO on the role of the Laboratory in the execution of the Hydrogeochemical Stream Sediment Survey. The initial LLNL proposal was to collate and interpret the data by means of sophisticated statistical methods such as pattern recognition. The NPO wanted us to use our sampling and analytical capabilities to generate the data without interpretation. We agreed to expand our activities to include data gathering as well as interpretation, but the NPO never really agreed that we would be permitted funds for interpretation.
However, in spite of these difficulties and misunderstandings, the overall outcome was positive. A great deal new was learned about geochemical prospecting in semiarid regions. This knowledge, the methodologies developed from our early pilot studies, and the statistical approaches developed by Stanley Grotch and others have been widely adopted. U.S. firms and others working in foreign semiarid regions, such as Australia, have patterned their efforts after these pioneering res .^.
In the final analysis, the va ... r the LLNL effort will be its impact on finding strategic resources, and its impact on and acceptance by the geosciences community. We at LLNL regret that sorv; of the broader aspects of this extensive and systematic survey have been forever lost. In addition, the NURE-HSSR program at LLNL was not only successful in identifying uranium, but yielded information which can open a new epoch in geosciences.
